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Abstract 

It is proposed that T violation in hadronic physics, as well as the masses of 
M, d quarks, arise from a pseudoscalar interaction with a new spin field t{x), 
odd in P and T, but even in C. This interaction contains a factor 275 in the quark 
Dirac algebra, so that the full Hamiltonian is P, T conserving; but by spontaneous 
symmetry breaking, the new field t{x) has a nonzero expectation value < r >= tq 
that breaks P and T symmetry. 

Oscillations of r(x) about its expectation value tq produce a new particle, the 
"timeon", whose mass is independent of any known quantities. If the timeon 
mass is within the range of present accelerators, observation of the particle can 
be helped with a search of T-violating events. 
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1. Introduction 



We assume that the standard model of weak interaction[l] is CP and T con- 
serving. In this paper we propose that the observed CP and T violations are 
due to a new P odd and T odd spin zero field t{x), called the timeon field; 
the same field is also responsible for the small masses of u, d quarks, as well 
as for those of vi and the electron. In the following, our discussions will be 
restricted only to quarks. 

Let gi(t) and qi{[) be the quark states "diagonal" in transitions[2]: 



and 



+ 



(1.1) 



;i-2) 



with i = 1, 2 and 3. The electric charges in units of e are +| for ^'^(T) and 
— I for qi{i). These quark states qi{^) and qi{i) are, however, not the mass 
eigenstates d, s, b and u, c, t. We assume that the mass Hamiltonians 
for qi{'\) and for qi{l) are given by 



ql ql ql)y^{Gj4 + iFia5)yi 



^qi] 
q2 (1.3) 

V 93 ) 

with the 3x3 matrices Gyi and Fyi both real and hermitian. The mass 
matrix Cyi is the same zeroth order mass matrix as M.o{qyi) of Ref. 2, given 
by 



V 



-/3r] (3 + 

-I3^r] -a^ a + (5 



(1.4) 



hi I 



with ay [3y ^y Tj^ and ay [3y ^y Tji all real parameters. It can be readily 
verified that the determinants 



G|| = IGil =0 



(1.5) 



We assume ay\^ and I3y\^ to be all positive. The lowest eigenvalues of G| 
and G| are then both zero. These two real symmetric matrices can be readily 
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diagonalized by real, orthogonal matrices (^i)o and (?7|)o, with 

/ \ 

(t/t)jGt(t/t)o = 



mo(c) 
mo{t) 



(1.6) 



and 



\ 



I 

mo(s) (1.7) 
V mo(6) J 

where the nonzero eigenvalues are the zeroth order masses of c, t and s, b 
quarks, with 

mo(c)=A[l+r/f(l + ^f)], (1.8) 

mo(t)=at(l + Ct)+/^T. (1-9) 

mo{s) = (3^[1 + rjlil + (1-10) 

and 

moib) = a^il + ^l) + Pl. (1.11) 

Thus, G| and can be each represented by an ellipse of minor and major 
axes given by mo(c) and mo{t) for | and likewise mo(s) and mo(6) for |. 

The orientations of these two elliptic plates are determined by their eigen- 
states. As in Ref. 2, we define four real angular variables 0^ and 0| 
by 

^1 = tan = tan 01 

77l = tan ^1 cos 01 and = tan^| cos (1-12) 
The eigenstates of G| are 

/ cos^t ^ 



sin ^1 cos 01 
sin 6i sin 0| 



with eigenvalue 0, 



(1.13) 



' — sin 6^ 

cos CO 
cos 0^ sin 0| 



with eigenvalue mo(c) 



(1.14) 
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and 



/ 

— sin ^1 
y cos 01 

Correspondingly, the eigenstates of Gi are 



with eigenvalue mo(t). 



(1.15) 



cos 6 1 
— sin 9 1 cos 
\ - sin ^1 sin 04 ) 



with eigenvalue 0, 



(1.16) 



Pi = 



( sin 6*4 
cos 9 1 cos 
cos ^1 sin 01 j 



with eigenvalue mo(s), 



(1.17) 



and 



Pi = 



v 





- sin ( 
cos ( 



with eigenvalue mo(6). 



(1.18) 



We note that by changing 9], 0^ to —9^, 0| the unit vectors e|, p|, P| of 
(1.13)-(1.15) become e|, pi and of (1.16)-(1.18). Here the signs of 9^ and 
9i are chosen so that the sign convention of the particle data group's CKM 
matrix agrees with both 9i^ and 9^ being positive, as we shall see. In terms of 
these eigenstates, the 3x3 real unitary matrices {U^)Q and {U\)q of (1.6)-(1.7) 
are given by 

(t^i)o = (ei, a, Pi) (1.19) 

and 

(t/t)o = (et, Ph Pd- (1-20) 

Thus, in the absence of the iFyp^^y^ term in (1.3), the corresponding CKM 
matrix in this approximation is given by 



iUcKM)o = mimo = 
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V 

in which 



cos 6 1 cos ^1 

- sin 6 1 sin 0^ cos ( 

— cos 6 1 sin 9^ 

- sin 6 1 cos 6^ cos 

sin 6 1 sin 



sin 6 1 cos ^1 

+ cos 6 1 sin ^1 cos ( 

— sin 6 1 sin 

+ cos 6 1 cos ^1 cos 

— cos 01 sin (j) 



sin ^1 sin \ 



cos Or sin 



COS0 



1.21) 



= 0T-^i- (1-22) 
The new hypothesis of this paper is to assunne that T violation and the 
snnall masses of u, d quarks are due to the new 



(1.23) 



ternn in (1.3), with 

Ft = F| = F = Toff (1.24) 

in which tq is a constant and / a 3 dimensional unit vector represented by 
its 3 X 1 real column matrix. Graphically, we can visualize G^- and Gj as two 
elliptic plates mentioned above, and F as a single needle of length tq and 
direction /, as shown in Figure 1. 

As we shall discuss, the F-term (1.24) is due to the spontaneous symmetry 
breaking of a new T odd, P odd and CP odd, spin field r{x), which has a 
vacuum expectation value given by 



< r{x) >vac= To ^ 0. 



(1.25) 



While the general characteristics of spontaneous time reversal symmetry break- 
ing models have been discussed in the literature [3], the special new feature of 
the present model is to connect such symmetry breaking with the smallness of 
up, down quark masses. 

In Section 2, we begin with a general T, P and CP violating mass matrix 
of the form 

G74 + iF7475 (1.26) 
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given by (13) with G and F both real and hernnitian matrices, then connpare 
it with an alternative fornn of a single 



M74 (1.27) 

term, but with A4 complex and hermitian. As will be shown, these two different 
forms of mass matrices are in fact equivalent. Differences appear when one 
goes beyond the mass matrices. In Sections 3 and 4, we summarize the analysis 
of how in (1.24), the length tq and the direction / of the needle are related to 
the light quark masses and the Jarlskog invariant[4] J'. As we shall see, this 
leads to 

ro = 33MeV, (1.28) 
rriu = Mfe^f (1.29) 

and 

rrid = roih)' (1-30) 

with e| and given by (1.13) and (1.16). 

An important feature of the model is to assume that the constant tq is due 
to the spontaneous symmetry breaking of a new T odd and CP odd, spin 
field r{x), which has a vacuum expectation value given by (1.25). We may 
assume that the part of Lagrangian density that contains only t{x) is given by 

1/ dT\2 



Vir) (1.31) 



with 



V(t) = -l^Ar'o - \r') (1.32) 

in which the (renormalized) value of A is positive. This then yields (1.25). 
Expanding V{t) around its equilibrium value r = tq, we have 

V{t) = -jT^ + \ml(T - T,f + 0[(t - rof] (1.33) 

with 

rur = (2A)^ro, (1.34) 
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the mass of this new T violating, C violating and CP violating quantunn, 
called tinneon. The interaction between t{x) and the quark field can be readily 
obtained by replacing the F = Toff factor of (1.24) with 

F = T{x)ff. (1.35) 

In this new theory, the well studied mass limit of the standard (T and CP 
conserving) Higgs boson applies only to the vibrational modes of the 746*1 and 
terms in (1.3). Thus, the timeon mass m,- would be different, and could 
be much lower. 
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2. Two Equivalent Forms of Mass Matrix 
2.1 General Formulation 



The "quark" mass matrix and its related Hamiltonian Ti is usually writ- 
ten as 

U = ¥M-fA^ (2.1) 

with 

M = M\ (2.2) 

denoting a hermitian matrix. Throughout this section, we assume the Dirac 
field operator ^ to have n generation-components, with n = 3 for quarks. 
Decompose ^ into a sum of left-handed and right-handed parts: 

^! = C + n (2.3) 

with 

£ = ^(1 + 75)* and 7^ = i(l-75)^• (2.4) 
Correspondingly, (2.1) becomes 

n = /:t>^747^ + n^M-iAC. (2.5) 

Assume n > 3 and M. to have an imaginary part so that H'\sT, C and CP 
violating. 

A different form of an n-generation T and CP violating mass Hamiltonian 
can be written in the form similar to (1.3), also with a Dirac operator ip oi n 
components: 

H = ^l)\G^A + iJ^ia^)^. (2.6) 
where Q and T are both n-dimensional hermitian matrices, 

G = G^ and T = T\ (2.7) 

For n > 3, ^ and T both nonzero, the Hamiltonian H \s T, P and CP 
violating. As in (2.3)-(2.4), we resolve ^ in a similar form: 

ilj = L + R (2.8) 
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with 

L = i(l + 75)^ and i? = 1(1 - 75)^;. (2.9) 
Thus, (2.6) becomes 

H = L\g - iT)-i^R + R\g + iT)-i^L, (2.10) 

different fronn (2.5). 

In the standard nnodel, excluding the mass Hamiltonian, only the left hand 
components of t and J, quarks are linked by their VF-interaction. Hence, the 
right-hand component 71 or R can undergo an independent arbitrary unitary 
transformation. Because of this freedom, we can bring (2.10) into the form 
(2.5), or vice versa, as we shall see. 

To show this, we begin with the form (2.10). Define 

M = g-iT (2.11) 

and assume it to be nonsingular (i.e., the eigenvalues of M^M are all nonzero.) 
On account of (2.7), the hermitian conjugate of M is 

M^ = g + iT. (2.12) 

Since MM^ is hermitian, there exists a unitary matrix Vl that can diagonalize 
MM\ with 

VlMM^VL = m%= Diagonal. (2.13) 

For every eigenvector of MM^ with eigenvalue A, the corresponding vector 
M^cj) is an eigenvector of M^M with the same eigenvalue A. Thus, M^M can 
also be diagonalized by another unitary matrix Vr as 

V^M^MVr = ml, (2.14) 

with 171% the same diagonal matrix of (2.13). 

Multiply (2.13) on the right by it follows that 

VlMVR = mD, (2.15) 

provided that we define 

VR = M'^VLmD'. (2.16) 
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One can readily see that and Vji thus defined satisfies V^Vl = 1, V^^Vji = 1 
as well as (2.13) and (2.14). Since R can be transformed independently fronn 
L, we can transfornn the ijj field by 

L^VlL (2.17) 

and 

R^VrR. (2.18) 

Next let us examine the mass matrix M. of (2.1)-(2.2). Because M. is 
hermitian, it can be diagonalized by a single unitary transformation V , with the 
left-handed and right-handed components of the field operator undergoing 
the same transformation; i.e., in contract to (2.17)-(2.18), we have 

C^VC, (2.19) 

n^Vn (2.20) 

and correspondingly 

H ¥mDlA^ (2.21) 

with niB being the corresponding diagonal matrix. So far as the mass matrices 
are concerned, we regard these two mass Hamiltonians and H as equivalent, 
if the diagonal matrix mo of (2.21) has the same set of eigenvalues as those 
in (2.15). In this case, we can without loss of generality set 

= {g - iT){g ^ iT) (2.22) 

and 

V = Vl; (2.23) 

hence (2.13) becomes 

V^M'^V = ml (2.24) 

and therefore 

= niD- (2.25) 

(Note that M ^ M or M\ even though = MMl) 

We will now discuss theories in which both matrices Q and are real; i.e., 

g = g* and T = T\ (2.26) 
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Since Q and T are also hermitian; they nnust both be synnnnetric nnatrices. 
In n-dimension, each of these nnatrices can carry ^n(n + 1) independent real 
paranneters, giving a total of n(n + 1) real parameters. On the other hand, 
Ai being a single hernnitian nnatrix consists of only real paranneters. Thus, 
knowing Q and J^, by using (2.22), we can always deternnine uniquely the cor- 
responding M., but not the converse, by expanding in power series as follows. 
Deconnpose the hernnitian Ai into its real and imaginary parts: 

M = R + iI. (2.27) 

with R and / both real; hence, R is symmetric and / antisymmetric. On 
account of (2.26), the real part of (2.22) is 

Jl2_j2^g2^j,2^ (2.28) 

and the imaginary part is 

{R, I] = [g, T\. (2.29) 

In what follows, we assume that Q and T are both known, as in the case when 
the mass matrix is given by (1.3). In addition, T can be regarded as small 
compared to Q. Hence, we can expend R and / in powers of T . Write 

i? = + i?2 + i?4 + + • • • (2.30) 

and 

/ = /l + /3 + /5 + • • • , (2.31) 

with Rn and to be of the order of and T"^ respectively. Eqs.(2.28) and 
(2.29) give 

{Q. h} = -{i?2, /i}, (2.32) 
{G, Ra} = {h, h} - Rl etc. 

As noted before, so far as these mass matrices are concerned, the two for- 
malisms (2.1) and (2.6) are regarded as equivalent to each other, provided 
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that (2.28) and (2.29) hold. Then (2.32) gives the conditions determining the 
series expansions (2.30)-(2.31) of R and / in terms of Q and J^. 



2.2 Application 



Next, we apply the above analysis to the special case when 

g = G^ or G| (2.33) 

and 

J^=F = F^ = F^ (2.34) 

with Gyi and F given by (1.4) and (1.24) respectively. For clarity, we shall 
suppress the subscript j or J, in this section and write (1.13)-(1.18) as 









' — sin 6* 


\ 


e = 


sin 6 cos 


P = 


cos ^ cos 






sin sin ^ 




cos Q sin ^ 


/ 



and 

{ ^ \ 

P= -sin0 . (2.35) 

COS0 J 

In order to conform to the sign convention used in (1.13)-(1.18), we have 



= 6^ in the t sector 



but 



9 = —9i in the [ sector. 
Likewise, the unit column matrix / in (1.24) is 



(2.36) 
(2.37) 



/ = 



cos a \ 
sin a cos h 
sin a sin h j 



Define matrix 



Q = fee + jipp + mPP 



(2.38) 



(2.39) 
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and 

T = Tff (2.40) 

with u, fi, m, r all real constants. When r = tq and u = 0, becomes F 
of (1.24) and Q can be either or Gi of (1.4). In this section, we retain the 
eigenvalue v in (2.39) for the formal symmetry of some of the mathematical 
expressions, even though v = when we discuss physical applications of our 
model in other sections of the paper. 

Let ^ be a vector whose k^'^ component is given by the (z, jY^ component 
of the commutator between Q and J^: 

[Q. = e,jkAk (2.41) 

with €ijk = ±1 depending on (ijk) being an even or odd permutation of 
(1,2,3), and otherwise. From (2.35) and (2.38), we can readily verify that 

A = r(z.(e • /)(€ X /) + fi{p ■ f){p X /) + m{P ■ f){P x /))^. (2.42) 

Next, define a real antisymmetric matrix X whose anti-commutator with Q 
is given by 

1} = [G, T\. (2.43) 
Let its [i^f^ matrix element be written as 

Xjj = dijkJk- (2.44) 

Thus, X is the same antisymmetric matrix Ii of (2.31), i.e., 

T = h (2.45) 

and (2.43) is the same as the first equation in (2.32). 

— * —> 

The corresponding vector J is related to A by 

J ■ e = + m)~ A ■ e 

J-p={m + -u)~^A-p (2.46) 

and 

J^P = {V + ^l)-^A^P] 
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these relations can be readily derived fronn (2.41)-(2.44) by writing G as diag- 
onal in the basis (e, P). 

As in (1.19) and (1.20), we define a real unitary nnatrix Uq whose columns 
are e, p and P of (2.35); i.e., 



/ cos^ 



sin 6* 



\ 



sin 6 cos (j) cos 9 cos (j) — sin 
sin ^ sin cos ^ sin cos0 j 

The matrix Uq diagonalizes Q, with 

( V Q\ 

G' = UoGUo = 



(2.47) 



// 
\0 m ) 



(2.48) 



It also transforms J-' into 



r = Uomo = rf'f 



where 



fp 
\fp) 



(2.49) 

(2.50) 
(2.51) 

+ + /I = 1- (2.52) 

By using (2.48)-(2.50), we find that the same Uq also transforms the matrix 
M'^ into 

{Mf = UoM^Uo = [Gf + [J'f + i[G' (2.53) 
which is given by 



with 

As before. 



/e = e/, fp=pf, fp = Pf- 



2 £2 



t[t - i{fi - iy)]fjp t[t - i{m - iy)]fpfe \ 

t[t - i{m - fi)]fpfp 



2 f2 



r[r + i[m - v)]fpfe t[t + i[m - fJ,)]fpfp + tVp 



(2.54) 
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For most of our applications, we are only interested in the case u = 0. Define 

MQ = \imM' (2.55) 

and let A^, A^, A3 be the eigenvalues of {M'q}'^. From (2.54) and (2.55) we 
have 

Xl + Xl + Xl = m^ + fi^ + (2.56) 

and 

A?AiAl = |(7WyVrV>W. (2-57) 
These eigenvalues are also the solution A^ of the cubic equation 

\{M'of - A^l = liM'ofl + AA' + 5A^ - A^ = (2.58) 

where 

A = -iiW - T\m\l - flf + - flf + 2miiflfl] (2.59) 

and 

B = m^ + ^? + t'^. (2.60) 

In the limit r ^ 0, we see from (2.57)-(2.60) that the two heavier masses 

become and m, while the lightest mass is proportional to r. We shall 
explore this limit further in the next section. 
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3. Perturbative Solution and Jarlskog Invariant 



3.1 Perturbation Series 



In this section we return to the mass Hamiltonian (1.3) and calculate its 
eigenstates by using G74 as the zeroth order Hanniltonian and 2^7475 as the 
perturbation. Fronn the discussions given in the last section, we see that this 
is identical to the problem of finding the eigenstates of (A^o)^ regarding r as 
the small parameter. Using (2.54)-(2.55), we may write 



with 



/ 



/ 

^2 



\ 








+ /i + 0(t2) 



(3.1) 



h = T 



\ 



-imfpfe ^ 
-i{m - ii)fpfp 




(3.2) 



imfpfe i{m-ii)fpfp 

To first order in h, the eigenstates of (A^o)^ can be readily obtained. For 
applications to physical quarks, we need only to identify that /e, fp and fp are 
replaced by 

{fe)yi = /et/i, 

ifp)yi = hyi (3.3) 

and 

(/p)t/i = fPyi- 

Likewise, neglecting 0(t^) corrections, we can relate /i^ and to (quark mass)^ 

by 



2 2 

11^ = m 



1^1 = 



m 



CI 

2 

SI 



2 2 



and set 



r = To. 



(3.4) 
(3.5) 
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Thus, to 0{to), in the t sector the state vectors of u, c, t are related to those 

of e|, Pi and by 



with 



and 



c 



(et|u) {pi\u) {Pi\u)\ 
(et|c) (pt|c) (Pt|c) 
{ei\t) ipi\t) iPi\t) 



P1 



(etH = l + 0(r2), 

(6t|c) = -z^(/J,)t + 0(ro2), 

(eT|t) = -i;^(A/p)t+0(rJ), 

bt|u) = -i^(/J,)T + 0(r2), 



{pi\c) = 1 + 0{tS)., 
iPl\u) - 

im = -I- 



rrit + rric 

■ To 



-^—ifefph^Oir^), 
rrit 



To 



nit + 

(PT|«) = 1 + O(ro2). 
Likewise, for the | sector, we may write 



(d] 


( 


s 









(ejd) {pi\d) {Pi\d) 

(eik) {Pi\s) {Pi\s) Pi 
(6j6) (PJ6)J 



with 



(£iM) = l + 0(r2), 

TTla 



(3.6) 

(3.7) 
(3.8) 

(3.9) 

(3.10) 

(3.11) 
(3.12) 

(3.13) 
(3.14) 

(3.15) 



(3.16) 

(3.17) 
(3.18) 
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rrib 



{p^\s) = l + 0{r^), 
{Pi\b) = -i- 

iPi\d) - 



-^^(/e/p)i + 0(ro2), 
mb 



To 



mh + m. 



ifpfp)l + OiTS) 



and 



{Pl\b) = l + 0{Ti). 

3.2 Jarlskog Invariant 



Write the CKM nnatrix as 

UcKM 



U21 U22 U23 
U31 U32 Uss 



Following Jarlskog[4], we introduce 

Si = UiiUu, S2 = U21U22, Ss = U^iU32 

and define 



By using (3.27) we see that 



J = ImSlS2. 



{UllU22){Ul2U*2l) 



J = Im 

Because of unitarity of the CKM matrix, 

Si + 82 + 83 = 0. 



(3.19) 

(3.20) 

(3.21) 
(3.22) 

(3.23) 
(3.24) 

(3.25) 



(3.26) 



(3.27) 
(3.28) 

(3.29) 
(3.30) 



18 



Therefore, J is equal to twice the area of the triangle whose sides are 5*1, 5*2 
and S2,. Furthernnore, fronn the explicit fornn of J given by (3.29), we see that 
J is symmetric with respect to the interchange between the row and column 
indices of the CKM matrix. It follows then in deriving J , we may use the 
elements of either any two columns or any two rows of the CKM matrix. 
It is convenient to denote {Uckm)^ of (1-21) simply as V , with 



y = {Uckm)o 



1 1 



v 



yi2 yu 

y^X ^22 ^23 

V31 V32 V33 



(3.31) 



In terms of the state vectors e|, "p^. P\ and e|, Pj of (1.13)-(1.18), we 
can also write V as 



V = 



I 



(etlei) {,^\vi) (etlPj) ^ 
{p\Vi) {v\\Vi) [v\\Pi) 



(3.32) 



Likewise, the CKM matrix is given by 

/ {u\d) {u\s) {u\h) \ 
UcKM = {c\d) (c|s) (c|6) 

1, m {t\s) m ) 

= V + iroW + 0{tS) (3.33) 

where the matrix elements of W are derived from (3.7)-(3.15) and (3.17)- 
(3.25). Using the perturbative solution of Sec. 3.1, we can readily express 
the matrix elements of Uckm in terms of the corresponding ones of V . The 
Jarlskog invariant can then be evaluated by using (3.29). 

As will be shown in the Appendix, the result, accurate to the first power of 
To, is 



v7 = ro 



rus 

ifefph 



{feL 



P 



rrir 



rris + rrib 
ifpfph 



-B 



i 



nic + rrit 



-B 



where 



A. = -^13^23^33 = -2 • 10- 



(3.34) 
(3.35) 
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Ab = -142^22^32 = 8.8 • 10-^ (3.36) 

Bi = -^11^211^31 = 1.10 • 10-^ (3.37) 

Ac = ^31^32^33 = -2 • 10-^ (3.38) 

At = y2iV^22V^23 = -8.8 • 10-3 (3.39) 

and 

= ViiVuVu = 1.10 • lO-l (3.40) 

From the definition (3.29) and (3.34), these coefficients Ag^ • • • , are 
all products of four factors of Vij. As will be shown in the Appendix, because 
y is a real orthogonal matrix, these quartic products can all be reduced to 
triple products given by (3.35)-(3.40). Since rric » rris and rrit » rrib, we 
can, as an approximation, neglect the terms related to the up sector in (3.34). 
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4. Determination of tq and / 
4.1 A Special coordinate system 



For the t quarks, the parameters Ai, A2 and A3 in (2.56)-(2.60) are related 
to the quark masses by 

Ai = rriu, A2 = rric and A3 = m^. (4.1) 

Likewise, /e is 

ifeh = h (4.2) 

with e| given by (1.13) and / the unit directional vector of (1.24). We work 
to leading order in tq. From (2.57), setting A2 = /i and A3 = m we have 

rriu = ro(/et)^- 

Likewise, for the | quarks 



It is convenient to introduce a special coordinate system in which 



(4.3) 
(4.4) 



(1\ 




1 cosOc^ 





and e| = 


— sin 6c 






[ J 



H = 

Since and are both ±e|, we may write 
Pi 



(4.5) 



( ^ ] 




( ^ ] 


— cos 7 


and Pi = 


— sin 7 


V sin7 ^ 




^ — cos 7 J 



(4.6) 



Furthermore, we shall set the zeroth order CKM matrix {Uckm)o of (1-21) to 
be 

^ (etki) (eth) (etln) ] 

(ptki) {pi\pi) {pi\Pi) 

.227 5 • 10-3 \ 
.973 .04 
.04 .999 



{Uckm)o 

I .974 
-.227 
5 • 10-3 - 



+ 0(1 • 10-3). 



(4.7) 
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Thus, with the same accuracy of 0(10 

cos = -974 and sin^c = -227. (4.8) 
Likewise, from (e||P|) = 5 • 10^^ in (4.7), in accordance with (4.5), (4.6) and 

(etln) = sin^esin7, (4.9) 

we find 

sin7 = 2.2•10~^ (4.10) 

which together with (4.5) and (4.6) give the coordinate system defined by 
(ej, p|,P|). Eq.(4.7) then, in turn, determines the corresponding coordinate 
system (e|, p^,P^). 

Next, we shall determine the parameters tq and the directional angles a and 
P of the unit vector 

sin a cos /3 ^ 
sin a sin (3 
cos a 



f = 



\ 



(4.11) 



in the coordinate system defined by (4.5)-(4.6). 
4.2 Determination of (3 

From (4.5) and (4.11), we have 

fei = sin a cos (3 



and 



/e| = sin a cos{/3 + dc) ■ 



Thus, on account of (4.3) and (4.4), 



cos^ (3 



rrid 



and therefore 



cos(/? + 6'c) _ ^/mu\2 



cos/5 



rrid 



(4.12) 
(4.13) 

(4.14) 
(4.15) 
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assuming 

m,, 1 

— = -, 4.16 
rrid 2 

we find two solutions for (3: 

^^48° 50' (4.17) 

or 

/?^82°20'. (4.18) 
4.3 Determination of a and tq 

We shall first determine the parameter a by using the Jarlskog invariant 

J^ = 3.08•10"^ (4.19) 

Define 

F = lO'^ Jrrib/To. (4.20) 
From (4.4), (4.5) and (4.11), we have 

TUd = Tq sin^ a cos^ P (4-21) 

and therefore 

F = 10'^ J{mb/md) sin^ a cos^ /3. (4.22) 
For definiteness, we shall set the various quark masses as 

rud = 5MeV, ^ 2.5MeV 

rris = 95MeV, rric = 1.25GeV 

rrib ^ 4.2GeV and rrit = 175GeV, (4.23) 
consistent with the Particle Data Group values[5]. Thus, (4.22) becomes 

F{a, (3) = 2.6 sin^ a cos^ P, (4.24) 

On the otherhand, from (3.34) and by using the numerical values for 
As, Ab, • • • , of (3.35)-(3.40) together with the various quark masses 
given above, the same function F{a, (5) is also 

F[a, ^ -0.88(/e/p)4 - 0.067 [fj,)^ 
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+ 0.88(/Jp)^ - 0.021 (/Jp)t 

+ 0.11(/p/p)i +0.0026(/^/p)t. (4.25) 

As an approximation, we may neglect the contributions of the t sector. Com- 
bining (4.24) with (4.25), we find 

2.6sin2acos2/3 ^ 0.88/eJ/p, - /pj + 0.11(/p/p)^ (4.26) 

with 

fn = h (4-27) 

given by (4.12), 

fpi = fPl = — sin a sin (3 cos 7 + cos a sin 7 (4.28) 

and 

fp^ = fPi = — sin a sin /3 sin 7 — cos a cos 7. (4.29) 
By using 7 from (4.10), 

from (4.17), we find 

a ^ -36° 10'. (4.30) 
From (4.4) and (4.12), we have 

tq = irid/ {sin^ a cos^ (]). (4-31) 

The above values of a, (5 and = 3MeV give 

To = 33MeK (4.32) 

On the otherhand, the alternative solution P = 82° 20' of (4.18) leads to 

a much larger value tq ~ b.bGeV. Such a large value invalidates the small tq 
approximation. Thus, we focus only on the solution (4.32) in this paper. 



P ^ 48° 50' 
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5. Remarks 



While the discovery[6] of T and CP violation was nnade 44 years ago, at 
present very little is known about its origin. The totality of our knowledge can 
be summarized by a single dimensionless small number, the Jarlskog invariant 
of the CKM matrix. In this paper, we present a simple dynamic model. The 
vibration of the spin field t{x) around its equilibrium value tq gives a new 
quantum, the timeon. Since t{x) is T odd and CP odd, viewed from the 
context of the Standard Model[l], the timeon field violates maximally its T 
conservation and CP conservation. As mentioned in the Introduction, the 
timeon mass rrir would be different and might be much lower than the mass 
limit of the (T and CP conserving) Higgs boson in the standard model. 

In order to detect timeon, a useful signal might be the observation in any 
reaction, such as 

p + p^ N + N' + T + (5.1) 
"T violating" kinematic variables, like 

{kN X kN') ■ kr. (5.2) 

Because of the final state interaction, a mere observation of such variables 
would not be decisive; its amplitude must be above a certain kinematic limit[7]. 
Nevertheless these could be useful signals. 
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Appendix 

A.l Definitions, Corollaries and Conventions 



Let V = {Via) be a 3 X 3 real orthogonal matrix with positive determinant, 
and indices i and a = 1, 2 and 3; hence, 

V = V\ V-^ = V and 1^1 = 1. (Al) 

Given any value of i, define i', i" by 

ewv = 1, (A. 2) 

so that {i, i', i") is a cyclic permutation of (1, 2, 3). We shall use the same 
definition for each of such similar indices j, A;, a, /3, 7. Thus, for a given 
j, the corresponding j' and j" satisfy 

^jj'j" = (^-3) 

and likewise 

^kk'k" = eZ/'Z" = ^aa'a" = C/?/?'/?" = e^yy/ = 1. 

Furthermore, for any pair i, a, we have by the expression for 



Vi'a' Vi'a" 
Vv'a' Vi"a" 



= \V\iV-'U = V^a (AA) 



on account of (A.l). This identity will enable us to reduce certain quartic 
products of Via to triple products of Via, as we shall see. 

A. 2 Jarlskog Invariant 

Similar to the relation between V of (3.32) and 

U = UcKM (A. 5) 

of (3.33), we define W = (Wia) through 

U = V + itqW {A.6) 
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where W has the form 



For our purpose here, it is necessary to specify only that F and T are real and 
synnmetric; i.e., 

Fij = Fji = F^j iA.8) 

and 

We also define for any particular pair of indices k and 7, 

J = UkjUk'yU^yU;,^ {A.IO) 

and 

Jo = Vk^VkyVCyV^,^. (All) 
Thus, substituting (A. 6) into (A.IO), we find, to first order in tq, 

J-Jo = iToAk^ (A12) 

where 

V Vkj Vk'y Vky Vk'-f ' 

Note that /c, 7 are subject to the cyclic convention typified by (A. 2). [It will 
turn out that A/^^ is independent of the choice of k and 7, even though this 
is not assumed.] 

By substituting (A. 7) into (A. 13), we must obtain an expression of the form 

Afc7 = E ^v'Fiv + E A"^AA' {A. 14) 

I A 

where the As and A!s are to be determined. From (A. 7), (A. 13) and (A. 14), 
we see that each A is made of terms having the form JoVja/Via- Consider 
Ak. in (A. 14) we must put = k; hence /, /' are A;', k" in some order. Thus 
in (A. 7), i is either k' or k" . But the index k" does not occur in (A. 13). 
Therefore, we have i = k\j = k" and a = 7 or 7'. Therefore, 



Afc = Jo + -f^-0 



Vfc"7' Vfc", 



'7 
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H"7 yk"j' 



on account of (A. 4). Likewise, 



(A15) 



(A16) 



For k", the calculation is different, even though the result will be similar. 
Note that in (A. 14) /, /' can be k, k' in either order, so that in (A. 7) i and 
j can also be A;, k' in either order. Thus, we now have four terms instead of 
two: 

'^k'-i , ^k-i' ^k'-i' 



^k" — Jq 



+ 



(A 17) 



Vkj Vk'Y Vfcy Vk'j- 

Vk'j Vk'Y _A_y Y ^ 
Vfc7 Vky ^ ^ Vk'Y H'7 

= —Vk'^Vk>YVk>'j" — VkjVkyVky = +Vk"jVk"yVk"j" 

since V is orthogonal. 

Similar formulas are obtained for A^, A'^, A'!^ with a change of sign. Since 
(A.15)-(A.17) all have the same form, the choice of k, 7 in (A.IO) and (A.ll) 
is immaterial and we have 

J = Jo + iroA 

where 



iX" 



(A18) 
(A.19) 



a 



A. 3 Applications to quarks 

By consulting (3.7)-(3.15) and (3.17)-(3.25), we find that 



F - = 



fifj ^ faf(3 

-Tap 



(A.20) 



where 



with 



/i = ife)h h = ifp)h h = ifp)h 

fl = (/e)i, /2 = (/p)i, /s = {fp)l 
nil = 'Tflu = 0, 7712 = 'rric^ 777-3 = '^t^ 



(A21) 
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Iii = md = 0, ii2 = rus, 113 = rrib. {A.22) 
Then (3.34) is seen to be (A. 14) if we identify 

As = A3, Ab = A2 and Bi = Ai. (A23) 

With these identifications, (3.38)-(3.40) are (A.15)-(A.17) and (3.35)-(3.37) 
are the corresponding fornnulas for Ai^ A2 and A3. 




Figure 1. A schematic drawing of the mass matrix Myi = Gyij4 + iFj^j^. 
The vibration of t{x) is timeon 



29 



References 

[1] S. Weinberg, Phys. Rev. Lett. 19(1967)1264 

[2] R. Friedberg and T. D. Lee, Ann. Phys. 323(2008)1677 

[3] T. D. Lee, Phys. Reports 9(1974)143 

[4] C. Jarlskog, Phys. Rev. D35(1987)1685 

[5] S. Eidelman et.aL Particle Data Group, Phys. Lett. B592(2004)l 

[6] J. H. Christenson, J. W. Cronin, V. L. Fitch and R. Turlay, 
Phys. Rev. Lett. 13(1964)138 

[7] T. D. Lee and C. N. Yang, Elennentary Particles and Weak Interactions, 
Brookhaven Laboratory Report 443-T-91(1957); 
p271 of Vol. 2, T. D. Lee: Selected Papers, Birkhauser Boston Inc. 
(1986). 



30 



